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AUTOMATIC GAIN CONTROL SYSTEM

James E. Webb, Administrator of the National Aero-

nautics and Space Administration with respect to an in-

vention of Stanley H. Black, Phoenix, Ariz.

Filed Dec. 23, 1965, Ser. No. 516,154

U.s. CL 330—29
Int. CI. HO3g 3/30; HE3£ 1/30

3 Claims

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aecronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; USC 2457).

The invention relates in general to automatic gain
control systems and, more particularly, to a system for
providing a relatively constant output signal level using
an electrically controlled attenuator.

In a receiver system which must be able to handle a wide
range of input signal levels, a form of automatic gain
control must be employed to prevent overload of the
final output stage. Heretofore, a conventional type of
automatic gain control system utilized a diode detector
to develop a unidirectional control voltage whose ampli-
tude was proportional to the receiver system output level.
This unidirectional control voltage was fed back to one
or more earlier stages of the receiver system so as to re-
duce the gain of these earlier stages, thus causing the
output level to remain substantially constant. When ex-
tremely large input signals were present, however, dis-
tortion in the gain conirol stage of the automatic gain
control system caused reduced handling capability. Utiliz-
ing presently available transistors, the maximum undis-
torted input signal was limited to no more than 10 to 50
millivolts, R.M.S. :

In order to overcome the attendant disadvantages of
prior art automatic gain control systems and to provide an
automatic gain control system, which is capable of han-
dling input signals in the order of 1,000 millivolts R.M.S.,
the system of the present invention utilizes an electrically
operated continuous attenuator, which is controlled by an
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automatic gain control amplifier. Input radio-frequency
(R.F.) signals are fed into the attenuator. The attenuated
R.F. signal is fed into a reflex amplifier together with a
direct current (D.C.) control voltage from the output stage
of a receiver system, The reflex amplifier amplifies the
attenuated input R.F. signal and feeds it to the next
stage of the receiver system. The D.C. control voltage is
fed into an automatic gain control (AGC) amplifier. The
output of the AGC control amplifier is used to vary the
amount of attenuation of the electrically operated con-
tinuous amplifier.

More particularly, according to a preferred embodiment
of the invention, input R.F. signals are fed into the elec-
trically operated continuous attenuator formed of three
diodes, whose cathodes are joined together and connected
through a resistor to ground. The anodes of the first
and second diode are biased by means of a D.C. control
voltage, which are coupled thereto through an inductor:
The R.F. signal is coupled to the anode of the first diode
and the attenuated R.F. signal is taken off the anode of
the second diode and coupled through a coupling capaci-
tor to the base of a transistor of the reflex amplifier. The
AGC control voltage is also counnected to the base of
the reflex amplifier transistor through an input L-C net-
work. The AGC control voliage and the R.F. signal are
amplified by the reflex amplifier and the R.F. output is
taken off of an inductance in an output L-C network con-
nected to the collector of the reflex amplifier transistor.
Further, the AGC control voltage is fed back through the

1 output L-C network to the base of an AGC control ampli-

fier transistor. The collector of the control amplifier tran-

i sistor is connected to the anode of the third diode of
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* the electrically operated attenuator. As the amplified D.C.

control voltage is varied, the attenuation is varied thus
causing the input R.F. signal to the attenuator to be
corrected.

The advantage of this invention, both as to its con-~
struction and mode of operation, will be readily appre-
ciated as the same become better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings in ‘which
like reference numerals designate like parts throughout
the figures, and wherein:

FIG. 1 is a block diagram of the automatic gain con-~
trol system of this invention; and

FIG. 2 is a circuit diagram of a preferred embodiment
of the block diagram system of FIG. 1.

Referring now to the drawings, there is shown in FIG. 1
a block diagram of the automatic gain control system
wherein R.F. input signals, which are to be controlled,
are coupled to the input terminal of an electrically oper-
ated continuous attenmator 12. The output of the attenu-
ator is fed to the R.F. input terminal of a reflex ampli-
fier 14. A unidirectional AGC control voltage, proportional
to the amplitude of the signal present in the last amplifier
of a receiver system in which the automatic gain control
system is to be utilized, is fed into the D.C. input ter-
minal of the reflex amplifier 14. The R.F. output signal
is taken from the R.F. output terminal of the reflex
amplifier. The amplified D.C. signal is coupled from the
D.C. output terminal of the reflex amplifier to an AGC
control amplifier 16. The amplified D.C. control voltage
is fed from the control amplifier 16 back to the attenuator
12. The system operates in such a manner as to keep R.F.
cutput voltage of the last stage relative constant by caus-
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ing more or less attenuation to be inserted by the elec-
trically operated continuous attenuator 12.

Referring now to FIG. 2, there is shown a preferred
embodiment of a circuit utilized in the automatic gain
control system of FIG. 1. R.F. input signals, which are to
be controlled, are applied to an input terminal 22 which
is coupled to one side of a coupling capacitor 24 of the
electrically operated continuous attenuator 12, The elec-
trically operated continuous attenuator is formed of a first
diode 26, a second dicde 28, and a third diode 32. The
other side of the capacitor 24 is coupled to the anode
of diode 26. The cathodes of each of the diodes are cou-
pled through a resistor 34 to ground, The diodes 26 and
28 are biased by means of a positive D.C. control voli-
age connected to a terminal 35. The terminal 35 is cou-
pled to the anodes of diodes 26 and 28 through a pair of
inductors 36, 38, respectively, which form R.F. chokes.

The attenuated R.F. signal is coupled from the anode
of diode 28 to one side of a coupling capacitor 42. The
other side of the capacitor 42 is connected to a transistor
44 of the reflex amplifier 14 at the base 46 of the tran-
sistor 44, The transistor 44 further comprises an emitter
48 and a collector 52, The emitter 48 is coupled to ground
through a first path comprising a biasing resistor 54 and
a second path comprising an R.F. by-pass capacitor 56.
The collector 52 of the transistor 44 is connected to one
side of an output L-C circuit formed of a capacitor 58
and an inductor 62 connected in parallel. Qutput R.F.
signals are taken off of a terminal 64, which is connected
to the inductor 62.

Input AGC control voltage to the reflex amplifier are
coupled from a terminal 66 to the base 46 of transistor
44 through an input L-C circuit formed by an inductor 68
and a capacitor 72 connected in parallel. The terminal
66 is further connected through an R.F. shunting capacitor
74 to ground.

The other side of the output L-C circuit is connected
to a seurce of positive reference voltage through a D.C.
output resistor 76. Further, a feed-through capacitor 78
is connected to the lead at the other side of the output
L-C circuit so as to prevent R.F. signals from passing to
the resistor 76. The junction of the output L-C circuit
and the resistor 76 is connected to a control transistor
80 of the AGC control amplifier 16 at a base 82 of the
transistor 89. The control transistor 80 further comprises
an emitter 84 and a collector 86. The emitter 84 is con-
nected through a biasing resistor 88 to a source of positive
reference voltage and the collector 86 is connected to
the anode of the third diode 32.

With the foregoing in mind, operation of the circuit of
FIG. 2 is as follows:

In the no-signal condition, the AGC control voltage
applied to the terminal 66 is of such value as to allow
only a small amount of current to flow in the collector
circuit of transistor 44, The resulting voltage drop across
the D.C. output resistor 76 is, therefore, not sufficient to
turn on control transistor 80. Thus, the diode 32 is effec-
tively an open circuit. In addition, a positive bias voltage
is applied to the terminal 35, forward-biasing the diode 26
and the diode 28. This causes a current flow through both
diodes 26 and 28 through the resistor 34. Therefore, it can
be seen that in the no-signal condition, diodes 26 and 28
are turned on while diode 32 is effectively turned off, re-
sulting in minimum attenuation.

When an input R.F. signal is applied to the terminal 22
and coupled to the aftenuator 12 at the anode of diode 26,
the attenuated R.F. signal is coupled from the anode of
diode 28 to the base 46 of transistor 44 where it is ampli-
fied. This amplified R.F. signal is fed to the output L-C
circuit. The amplified R.F. signals are taken off the in-
ductor 62 at the terminal 64, the terminal 64 being con-
nected to the next stage of a receiver system. As stronger
R.F. signals are passed through the system, the positive
AGC voltage applied to terminal 66 increases the collector
current through transistor 44. The resulting voltage drop
across resistor 76 eventually succeeds in turning on tran-
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sistor 80 which results in current flow through the diode
32. As current flows through the diode 32, the voltage
drop across resistor 34 increases to the point where it ex-
ceeds the bias voltage applied to terminal 35. This con-
dition results in effectively back-biasing diodes 26 and 28.
Therefore, with a strong input R.F. signal condition, the
diodes 26 and 28 are turned off and diode 32 turned on,
resulting in a maximum attenuation. As can be readily
seen, the system operates in such a manner as to keep the
R.F. output voltage of the last stage of the receiver sys-
tem relative constant by causing more or less attenuation
to be inserted by the electrically operated continuous at-
tenuator 12.

Additional gain control variation is also provided by
the system because the R.F. gain of-the reflex amplifier 14
varies with the D.C. control voltage applied to the ter-
minal 66. This additional gain control variation is ob-
tained because the voltage drop which results from the
AGC voltage across resistor 76 causes a reduction of the
available collector voltage for the transistor 44.
VS, e, R '

‘an ‘GULpuUr Termial; THeans Couping saia wiC. outpuL
terminal of said reflex amplifier to said input terminal
of said AGC control amplifier, and means coupling
said output terminal of said control amplifier to said
attenuation control terminal of said attenuator net-
work for varying the attenuation level of said attenu-
ator network, said attenuator network comprising:
a first diode, a second diode, and a third diode,
biasing means coupled to the anode of said
first diode and the anode of said second diode,
means coupling said R.F. input signal to said
anode of said first diode, means coupling the
anode of said second diode to said R.F, input
terminal of said reflex amplifier; and means cou-
pling said anode of said third diode to said out-
put terminal of said control amplifier.

2. An automatic gain control system in accordance with

claim 1 wherein said AGC control amplifier comprises:

a transistor having a base, an emitter, and a collector,
means coupling said D.C. output terminal of said re-
flex amplifier to the base of said control amplifier
transistor, means coupling the emitter of said con-
trol amplifier transistor to0 a source of reference
potential, and means coupling the collector of said
control amplifier transistor to said anode of said
third diode.

3. An automatic gain control system in accordance

with claim 2 wherein said reflex amplifier comprises:

a transistor having a base, emitter, and collector, means
coupling the anode of said second diode to the base
of said reflex amplifier transistor and an R.F. output
L-C circuit comprising an inductor and capacitor con-
nected in parallel, means coupling the collector of
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said reflex amplifier transistor to one side of said 3,111,631 11/1963 Bettinger — .. 330—133
parallel L-C network, and means coupling said R.F. 3,304,505 2/1967 Pricer - —_ 330-—29 X
output terminal to said inductor of said L-C net-
work. ROY LAKGE, Pri iner.
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AWARDS ABSTRACT

AUTOMATIC GAIN CONTROL SYSTEM

The instant invention is directed to an automatic gain
control system having an electrically operated continuous attenuator
for varying an R.F, input signal in accoxdance with the output of
the last stage of a receiver system. The system provides a simple
means for controlling the attenuation of a diode network so that
the R.F, signal will be attenuated and a relative constant
amplitude provided at the output stage of the receiver system.

The system shown in block diagram format in FIG. 1 comprises
an electrically operated continuous continuator 12 into which R,F.
input signals, which are to be controlled, are coupled. The
attenuated R,F, output signal is fed into a reflex amplifier and
the amplified R,F, signal is coupled from the reflex amplifier to
the next stage of the R,F, system. Further, an AGC control voltage
from the last stage of a receiver system is also fed into the
reflex amplifier. The amplified AGC voltage is coupled to the
input of an AGC control amplifier, and the output thereof fed to
the attenuator 12 to vary the attenuation thereof,.

The novelty of the--invention appears--to-be in providing an
AGC control amplifier, which varies the attenuation of an attenuator
network so that the input R.F. signal may be reduced to the extent
necessary to keep the output signal of the system relatively
constant.
Inventor: Stanley H. Black
Employer: Sperry Gyroscope Company
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